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Abstract : Finite element analysis has gained a significant 

attention in the field of biomechanics. The versatility of finite 

element analysis is the major reason behind its implementation 

and adoption has made the study of biomechanics much easier 

and simpler. FEA, as a tool has helped in analyzing the 

various organs in human body in different loading conditions. 

Be it Orthopedic,Maxillofacial fractures,Orthodontics, 

Prosthodontics, hemodynamics, it is finding its applications in 

all areas of biomechanics. In this paper, one such study has 

been carried out to understand the behavior of skull and 

mandible under inclined impacts. Skull is one of the highly 

complicated structures made up of bones in the human body.A 

lot of research is being carried out throughout the world for 

studying the skull structure in multidisciplinary level. Research 

is also being carried out in treatments by effectively using 

FEA, developing new methodologies and materials for 

treatment in the field. Here, the model of the skull along with 

mandible is constructed using the CT scan data using which 

finite element model is created and impact analysis has been 

carried out to find out the stresses, strains and energy 

absorption of the skull material. Apart from the analysis, 

attempt has been made in this paper to suggest the optimum 

locations for placing implants to optimize treatment in trauma  

patients. 
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I.  INTRODUCTION  

Human skeleton is a perfect example of a mechanical structure. 

It acts as a frame for human body to support the different and 

highly sensitive organs such as the brain, eyes, nose, mouth, 

etc... It thus protects the various sensitive organs of the human 

body. Human Skull is one of the organs in the body which is 

highly vulnerable to injuries. Hence in most of the surgeries that 

are carried out around the globe, craniofacial surgeries form a 

significant percentage [1]. Continuous research has been going 

on for past couple of decades for preventing and treating of these 

injuries. Multidisciplinary research is also carried out in this 

regard. Implementing finite element study is one such part where 

significant amount of research is being carried out to understand 

and predict the behavior of the different organs associated with 

the skull under different loading conditions, Since Finite 

Element Analysis (FEA) is a robust numerical solution that can 

cater to varied complexity of geometry, material properties and 

loading conditions, FEA is being found to be a effective tool for 

prediction and solution. FEA is the most used technique in 

various fields such as automotive, aerospace etc for its versatility 

in solving different problems in structural mechanics, 

thermodynamics, acoustics, electromagnetics, flow and most 

recently biomechanics. Particularly FEA is finding its 

applications in prosthodontics where the stresses and forces on 

implants and its surroundings are calculated.  

Since the biomechanical structures are complex in terms of 

their geometry and the material they are made of, it is a 

challenging task to develop a numerical model and to calculate 

responses like stress, and displacement. Finite Element Method 

(FEM) approach is the best way available to solve these kinds of 

problems. Sebastien Roth et al [2] studied the paediatric head 

impact. The authors in [2] considered a newborn head for their 

simulation of impact analysis. Impact analysis was carried out 

and intra cerebral response was analyzed. A new injury criteria 

was developed using these numerical simulations for minor skull 

fracture. The Finite Element (FE) model of the head in [2] 

included membranes, Cerebrospinal fluid (CSF), Scalp, Sutures 

and skull structure. Corresponding material properties were 

applied to model their physical behavior. Different mesh sizes 

such as 1.2mm, 2.5mm, 5 mm were compared for accuracy and 

cycle time for computation. Finally 5mm mesh was used, as the 

variation of results was only 7% and computational time was 

significantly lesser when compared to other two mesh sizes 

Significant research has also been carried out by researchers [3] 

[4] in finding out the elastic modulus, density and other 

properties of the different bones and organs of the human body 

[3] [4]. This has helped to a great extent in the use of Finite 

Element Analysis (FEA) in analyzing the response of different 

bones for different loading conditions. Finite element 

simulations to mimic fetal head impact are gradually increasing 

over the years to study mechanical birth injuries [5] [6]. 

II. METHODOLOGY 

Axial slice Computed tomography (CT) scan of a 25 year old 

male without any craniofacial abnormalities was taken at 0.6mm 

interval. The output of CT scan thus obtained will be in the 

format of .Dicom. This data is then processed using tool called 

Simpleware and converted to STL (Stereo Lithography) format 

or any other graphical formats which can be imported by 

Hypermesh 12.0. Hypermesh 12.0 is a software used for 

developing complex finite element models from computer aided 

design (CAD) or graphical data. In general, the STL model 

obtained will be having a lot of unnecessary data that needs to be 

cleaned up. So, surface extraction is again done on the STL data 

to obtain only relevant surfaces necessary for further processing 

and analysis. Geometry clean up is carried out in Hypermesh 

using clean up tools. Once the required data is ready, the 

geometry is meshed with triangular elements to obtain a 

triangular mesh. Triangular mesh is used to capture all the 

complexities of the geometry for the skull structure. After this 

step, since the skull model is of irregular geometry, the mesh 

needs to be cleaned up which is carried out to obtain good 

quality mesh so that accurate results can be obtained. Once the 
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mesh with good quality is obtained, it is then meshed using tetra 

elements. The mesh data is then exported to LS-Dyna3D where 

material properties, loading and boundary conditions are updated 

to the model and solved to obtain the desired results. Non-

linearities in terms of material, geometry and contact are then 

modeled using LS-Dyna3D and considered during the 

subsequent analysis. 

 

The results are then analyzed to check the areas of failure and 

hence the locations for positioning the implants are suggested. 

Figure 1 below shows the methodology followed in this work. 

 

 
 

Figure 1: Flowchart of methodology followed 

 

C T Scan 

 

X-ray computed tomography uses computer processed 

combinations of X-rays taken from different angles to produce 

cross sectional images of the scanned area. These are called as 

slices. These slices are taken at 1mm interval for the study so 

that the model obtained will be of high fidelity. This CT scan 

data is surface data of the region that is scanned. This data is 

then processed using 3D slicer [7] / Simpleware [8] and 

converted to the .STL format. This is a stereo lithography file 

format which is used extensively for 3D printing, generating 

CAD data for computer aided manufacturing.  

The STL file thus obtained is then imported into Hypermesh 

12.0. The data from the .Stl files will be triangulated surface data 

which Hypermesh reads as triangular mesh. The triangular mesh 

imported usually will be of low quality and hence need to be 

cleaned. The surface is extracted from the data and geometry 

cleanup is carried out in Hypermesh. Then the surface mesh is 

generated using triangular elements. The below image shows the 

CAD data that is obtained from CT scan 

 
Figure 2: CAD data 

 

Figure 2 above shows the CAD data that is obtained from C.T 

scan data which can be used for the analysis 

 
Figure 3: Finite element Model 

 

Figure 3 shows the finite element model which is generated from 

the CAD data. 

 

The number of elements generated directly from the CT scan 

data was around 19lakhs. This number is large as it takes a lot of 

computational time and disk space. It is then re-meshed and 

brought down to approximately 7.5Lakh elements without 

compromising the quality of the model. The finite element 

model shown in the above figure 3 consists of 7,61,978 elements 

and 1,91,662 nodes and weighs about 1.8Kgs. 

 

Material properties 

 

Once the finite element model is ready, suitable material 

properties have to be applied to obtain the desired results from 

the next step of simulation. Extensive literature survey [9] has 

been made to obtain the material properties for different regions 

such as maxilla, mandible etc. Maxilla, mandible and teeth 

portions are assigned with suitable material properties. The 

below table 1 shows the material properties considered for 

different regions of the skull 

 

Rigid Plate 

Skull 
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Table 1: Material properties different regions of skull 

III. LOADS AND BOUNDARY CONDITIONS 

To understand the response of the mandible and skull, an 

impact analysis is performed by applying an initial velocity of 

1000mm/sec (3.6Kmph) to the skull model and made to impact 

with rigid plate which is inclined at an angle of 45 degrees to the 

mandibular symphysis region. 

Figure 4 shows the constraints and velocity conditions that are 

applied to the model. The wall is made rigid and constrained in 

all directions and skull is given initial velocity to impact with the 

wall. 

 

Figure 4: Load and boundary conditions 

IV. RESULTS AND DISCUSSION 

The 3-dimensional non-linear impact analysis is performed using 

LS-Dyna3D. Impact being an instantaneous event, and typically 

happens within 8milli seconds. Hence the simulation is 

performed for the same total time period and the output is 

obtained at 0.2milli seconds interval. 

 
 

Figure 5: vonMises stresses at 3ms 

The above figure 5 shows the contour of vonMises stresses that 

are developed in the different regions of the skull at 3ms. 

 
 

Figure 6: vonMises stresses in mandible at 3ms 

 

The figure 6 above shows the stresses developed in mandible in 

the due course of impact at 3ms for an initial velocity of 

1000mm/sec. Since it is a direct impact, the stresses are 

concentrated more at the parasymphysis region  of the mandible. 

Also it can be seen that the stresses are more at the condylar 

region as well which is a weak zone for higher loads. 

 

 
 

Figure 7: Energy plot with respect to time 

 

Figure 7 shows the kinetic energy, internal energy and total 

energy plots for the model with respect to time for a velocity of 

1000mm/sec. As expected the kinetic energy decreases and the 

internal energy increases which means that the skull starts taking 

the impact loading. Also around 3 milli seconds, the increase in 

kinetic energy is seen, because the skull rebounds back and gains 

some kinetic energy. Some energy is also lost in the fracture of 

the skull which is not shown in this plot. This will get added to 

the total energy plot and could be significant. 

 

  (s) 

Velocity 
Constraints 
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Figure 8: vonMises stress history plot 

 

The above figure 8 shows the vonMises stress history plot for 

skull for the given velocity. As can be seen from figure 7, the 

maximum vonMises stress that has developed during the impact 

is of 3653MPa. This is much higher than the yield stress for the 

skull and mandible material which indicates that it has 

undergone fracture 

V. CONCLUSION 

The stresses are high in the para symphysis region and condylar 

regions of the mandible due to the direct impact forces 

suggesting fixation in these regions in case of fractures. Further 

work is ongoing to run the same simulation with implants to 

further optimize the size and location of the implants for early 

recovery and least post-operative complications. 
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